Background: Appendicitis is one of the most frequent acute surgical conditions of the abdomen, and appendectomy is one of the most commonly performed operations in the world. However, epidemiological data on appendicitis have not been reported for South Korean or East Asian populations. Methods: We analyzed the epidemiological features and lifetime risk of appendicitis and appendectomy in South Korea using data collected for the national health insurance database from 2005 through 2007. Results: Appendectomy was performed in 59.70% of inpatients diagnosed with appendicitis. The overall incidences of appendicitis, total appendectomy, and perforated appendectomy were 22.71, 13.56, and 2.91 per 10 000 population per year, respectively. The incidence of appendicitis and appendectomy showed clear seasonality, with a peak in summer. The standardized lifetime risks of appendicitis and appendectomy were constant from 2005 through 2007. A life table model suggests that the lifetime risk of appendicitis is 16.33% for males and 16.34% for females, and that the lifetime risk of appendectomy is 9.89% for males and 9.61% for females. Conclusions: As compared to results obtained in research on Western populations, appendicitis and appendectomy had a similar perforation rate and seasonality, but a higher overall incidence, in South Koreans. Between 2005 and 2007, the incidence of appendicitis and appendectomy was constant. Overall, an estimated 15 incidental appendectomies are performed to prevent 1 inpatient with suspected appendicitis, and 26 incidental appendectomies are performed to prevent 1 appendectomy. Incidental appendectomy may have greater preventive value in Koreans.
INTRODUCTION
Appendicitis is one of most common acute surgical conditions of the abdomen and appendectomy is one of the most frequently performed operations in the world. 1 Although numerous reports have been published on the epidemiology of appendicitis, most describe Western populations. [2] [3] [4] [5] [6] [7] [8] However, because of differences in race, geography, climate, and dietary intake of fiber, 2 the epidemiological features of appendicitis in South Korea may differ from those of Western populations. To our knowledge, no epidemiological data on appendicitis in South Korean or other Asian populations have been published. In addition, although incidental appendectomy is commonly performed during other abdominal or pelvic surgery, there are no studies of the lifetime risk of appendicitis in Asia. Hence, the preventive value of incidental appendectomy performed in Asia has not been evaluated.
The purpose of this study was to investigate the epidemiological features and lifetime risk of appendicitis and appendectomy in South Korea using data from the national health insurance database that were collected from 2005 through 2007.
METHODS
Data sourcemedical facilities in South Korea (5-6 million inpatient visits per year at approximately 1100 hospitals and 25 000 private clinics). 9 Thirteen diagnoses, according to the ICD-10, and 2 surgical procedures, according to the Health Insurance Reimbursement guide issued by the Korean Ministry of Health and Welfare, are coded as appendiceal disease and appendectomy, respectively, in the HIRA data set. The 2 surgical procedure codes were Q2861 (Appendectomy for non-perforated appendicitis) and Q2862 (Appendectomy for perforated appendicitis). We used the HIRA data set to collect information on the number, age group, sex, month, and discharge diagnosis of inpatients who had (1) appendiceal disease (diagnostic code K35-K38.9) as the primary discharge diagnosis or (2) appendiceal disease as the primary discharge diagnosis and had undergone appendectomy (procedure codes Q2861 and Q2862). We did not include incidental appendectomy or the degree to which primary discharge diagnoses were confirmed by clinical, surgical, or pathologic findings.
Definitions
The study population was defined as subscribers to the Korean National Health Insurance system from 2005 through 2007. Appendicitis comprised acute appendicitis (K35), other appendicitis (K36), and unspecified appendicitis (K37). Acute appendicitis (K35) is further classified as "with perforation, generalized peritonitis, or rupture (K35.0)", "with peritoneal abscess (K35.1)", and "without perforation, peritoneal abscess, peritonitis, or rupture (K35.9)". Perforated appendicitis and perforated appendectomy were estimated using the procedure code because, in most cases, the procedure code is set immediately after surgery by the surgeon or physician and is therefore more accurate than the primary discharge diagnosis in indicating perforation of the appendix.
Total appendectomy refers to the sum of non-perforated appendectomies and perforated appendectomies. The total appendectomy rate was defined as the percentage of inpatients who underwent appendectomy among inpatients diagnosed with appendicitis, and the perforated appendectomy rate was defined as the percentage of perforated appendectomies among the number of appendectomies.
Statistical analysis
Because the prevalence of appendectomy was not investigated, an estimate of the population undergoing appendectomy in each age group was calculated using the life table method to estimate the proportion of people in an age group who underwent an appendectomy for any reason before reaching the given age interval, assuming stability of age-specific appendectomy rates over the past 85 years. 7 To compare the incidence of appendicitis in different months and seasons, months with fewer than 31 days were adjusted to fit a standard month of 31 days. To identify seasonal variation, the Fisher kappa (Fκ) and Bartlett Kolmogorov-Smirnov (BKS) tests were used to assess cyclic patterns in event occurrence on a monthly basis. 3, 7, 8, 10 The standardized lifetime risk developed by Sasieni et al was used to evaluate the secular trend in appendicitis and appendectomy. 11 The Fisher exact test was used to compare the incidence between sexes.
Lifetime risk of appendicitis and appendectomy was defined as the number of population that will face appendicitis or undergo appendectomy by surviving to the age of 100 years. This was calculated by adjusting the risk for 10 000 people at a specific age with intact appendices, using the complete life table published by the Korean National Statistical Office. 2, 12 In computing the lifetime risk of appendicitis and appendectomy, the population who had already undergone appendectomy or who had died was excluded from the denominator. P < 0.05 was regarded as statistically significant. All statistical analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA). 
RESULTS

During
Appendicitis
A total of 98.77% of patients who were diagnosed with appendicitis had acute appendicitis. The overall incidence of appendicitis was 22.71 per 10 000 population per year (95% CI: 22.42-23.01). The values were 23.58 per 10 000 population per year (95% CI: 23.28-23.88) for males and 21.81 per 10 000 population per year (95% CI: 21.53-22.10) for females (P > 0.05 between sexes). The age-specific incidence of appendicitis displayed a similar pattern in males and females ( Figure 1 ).
The overall male-to-female ratio of the incidence of appendicitis was 1.08 (relative risk: 1.07, 95% CI: 0.60-1.91). The age range of highest incidence was 10-14 years (47.52 per 10 000 population per year, 95% CI: 47.10-47.94) for males and 15-19 years (36.55 per 10 000 population per year, 95% CI: 36.18-36.92) for females (P > 0.05 between sexes). The age range of lowest incidence in both sexes was those younger than 5 years (3.81 per 10 000 population per year, 95% CI: 3.69-3.93 in males; 3.18 per 10 000 population per year, 95% CI: 3.07-3.29 in females; P > 0.05 between sexes).
Appendectomy
The overall incidence of total appendectomy was 13.56 per 10 000 population per year (95% CI: 13.33-13.78); the values were 14.28 per 10 000 population per year (95% CI: 14.05-14.51) for males and 12.81 per 10 000 population per year (95% CI: 12.59-13.04) for females (P > 0.05 between sexes).
The age-specific incidence of total appendectomy displayed a similar pattern in males and females ( Figure 2 ). The overall male-to-female ratio of total and non-perforated appendectomy was 1.11 (relative risk: 1.06, 95% CI: 0.50-2.25).
Perforated appendectomy
The overall incidence of perforated appendectomy was 2.91 per 10 000 population per year (95% CI: 2.81-3.01); the values were 3.27 per 10 000 population per year (95% CI: 3.16-3.38) for males and 2.55 per 10 000 population per year (95% CI: 2.45-2.64) for females (P > 0.05 between sexes). The age-specific incidence of perforated appendectomy was similar between sexes ( Figure 2) .
The overall male-to-female ratio of perforated appendectomy was 1.29 (relative risk: 1.48, 95% CI: 0.25-2.83), and there was an M-shaped pattern for the agespecific incidence of perforated appendectomy. The second highest incidence was in the age range of 5-14 years, after which incidence declined to its nadir-between the ages of 20 and 24 years-and remained low until it began to increase again between the ages of 50 and 54 years. The highest incidence was in the range of 75-79 years of age, after which it declined again.
The 
Appendicitis and appendectomy
Appendectomy was performed in 59.70% (95% CI: 59.22-60.18) of inpatients who received a diagnosis of appendicitis. The total appendectomy rate was 60.55% (95% CI: 60.07-61.03) for males and 58.76% (95% CI: 58.29-59.24) for females. Age-specific total appendectomy rates were similar in males and females (Figure 4) .
The age-specific total appendectomy rate was highest at age younger than 5 years (60.99 per 10 000 population per year, 95% CI: 60.52-61.46 in males; 63.22 per 10 000 population per year, 95% CI: 62.75-63.70 in females) and the lowest rate was at age 15-19 years (59.13 per 10 000 population per year, 95% CI: 58.66-59.59 in males; 56.02 per 10 000 population per year, 95% CI: 55.56-56.47 in females). The rate increased slightly in those aged older than 19 years, but did not change after age 25-29 years. The rate did not differ between sexes (P > 0.05).
Seasonal variation and secular trends, 2005-2007
Analysis of the monthly incidence of appendicitis revealed clear seasonality in males (Fκ = 10.66; BKS = 0.52, P < 0.05) and females (Fκ = 11.11; BKS = 0.58, P < 0.05): peaks appeared during summer months and troughs during winter months (Figures 5 and 6) . A similar pattern of seasonal variation was found for the incidence of total appendectomy (Fκ = 4.12; BKS = 0.46, P < 0.05) and non-perforated appendectomy (Fκ = 9.98; BKS = 0.48, P < 0.05). The perforated appendectomy ratio (Fκ = 7.20; BKS = 0.51, P < 0.05) also showed seasonality, although it peaked during 
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winter, rather than summer, months. In contrast, the total appendectomy and perforated appendectomy rates did not show clear seasonality.
The standardized lifetime risks for appendicitis, total appendectomy, and perforated appendectomy between 2005 and 2007 were analyzed to reveal the secular trends; these data are presented in Figure 7 . The incidences of appendicitis, total appendectomy, and perforated appendectomy were constant during the reference period.
Life table analysis: risk of appendicitis or appendectomy
The analysis assumed that males and females have a life expectancy identical to that recorded for 2006 and a constant incidence of appendicitis and appendectomy in 2005 through 2007. Among the 10 000 children younger than 5 years, the lifetime risks of appendicitis and appendectomy were 1632.88 and 989.15 individuals, respectively, for males, and 1634.44 and 961.20 individuals for females (Table 1) . In other words, when incidental appendectomy is performed in 10 000 women aged 20 to 25 years, it will prevent 1148 patients with suspected appendicitis from being hospitalized and 683 patients from undergoing appendectomy.
DISCUSSION
In this study, the overall incidence of appendicitis was 22.71 per 10 000 population per year, which is higher than the 
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previously reported values of 7.5 to 12.0 per 10 000 population per year. [2] [3] [4] [6] [7] [8] This may be because the present study and other studies used different definitions of appendicitis. In most previous studies, a diagnosis of appendicitis was restricted to patients who had undergone appendectomy; however, we applied a diagnosis of appendicitis to inpatients who had a discharge code of appendicitis, regardless of whether they underwent appendectomy. Therefore, strictly speaking, the overall incidence of appendicitis observed in our study refers to the incidence of inpatients with suspected appendicitis. The incidence of total appendectomy was estimated in this study using the same definition as that used in most other studies. The overall incidence of total appendectomy was 13.56 per 10 000 per year (range, 13.25-14.60), which is the upper limit of the rates reported in previous studies. [2] [3] [4] [5] [6] [7] [8] This high incidence of appendicitis and appendectomy in South Korea was unexpected, given that Korean foods have a higher fiber content than foods common in the Western diet and that populations with a high fiber diet have lower reported incidences of appendicitis. [13] [14] [15] [16] The reason for this finding is unknown, but the following are possible explanations for the differences between the rates observed in this study and those reported previously. First, because all citizens are covered by national health insurance in South Korea, the burden of medical expenses on patients is relatively low, and health care workers have more freedom in deciding to perform an appendectomy for patients with suspected appendicitis. Thus, the diagnostic accuracy of appendectomy may be lower in South Korea. Second, the incidence of appendicitis in South Koreans may be higher than the rates reported previously, because of racial, geographic, and/or climatic differences.
As was the case in previous reports, the incidence of perforated appendectomy changed little with age. However, the second highest incidence was in those aged 5-14 years, after which it declined. Incidence then increased with age, and reached a peak in those aged 75-79 years (an M-shaped pattern; Figure 3 ). This result also differs from those of previous studies, which reported a peak incidence of perforated appendicitis in those aged 10-14 years, although Luckmann and Davis reported a similar M-shaped pattern for Asians living in California. 2, 3, 7 Although the causes of these divergent findings are not clear, racial and ethnic factors are thought to contribute to the higher rate of perforated appendectomy in older individuals, as compared to teenagers.
As shown in Figures 5 and 6 , the seasonal pattern in the incidence of appendicitis and appendectomy was similar to that noted in previous studies, which showed that incidence increased in summer. [1] [2] [3] 7, 17 The rates of total appendectomy and perforated appendectomy did not show seasonality in our study: a constant proportion of inpatients who were hospitalized after receiving a diagnosis of appendicitis underwent appendectomy regardless of season. In addition, the perforated appendectomy rate was constant, despite the increased incidence of appendicitis and total appendectomy during summer. Several factors may contribute to the seasonality of appendicitis and appendectomy, but no single causative factor has been identified. 2, 7 Previous studies have reported a constant incidence of appendicitis and a decreasing incidence of appendectomy. 2, 3, 5, 17, 18 In this study, the incidence of appendicitis and appendectomy were constant during the period from 2005 through 2007 (Figure 7) . A similar secular trend was reported by Korner et al, who found a stable incidence of acute appendicitis in 2001. 19 Factors that may influence the incidence of appendicitis and appendectomy are diagnostic accuracy, dietary change, socioeconomic status, hygienic standards, and access to health services. 2, 5 The incidence of appendicitis and appendectomy is thought to have decreased since the mid-20th century because of improvements in these factors. 2, 3, 5, [17] [18] [19] Although constant incidence of appendicitis and appendectomy were observed after the 1990s by Korner et al 19 and in this study, the short observational period makes it difficult to draw a clear conclusion about the secular trend; further study is needed.
Because appendicitis can be prevented through incidental appendectomy, the preventive value for each age group, or the cost and benefit of incidental appendectomy, can be computed using the lifetime risk of appendicitis or appendectomy. Although some reports have computed the lifetime risk and preventive value of incidental appendectomy, 2, 8, 20 this approach has several problems. For example, it is unclear whether the death rate caused by diseases other than appendicitis was included when calculating the preventive value of incidental appendectomy. Another problem is that previous studies did not include inpatients hospitalized with suspected appendicitis, because the targets were defined as inpatients who had undergone appendectomy. Inpatients with suspected appendicitis must be included when calculating the preventive value of incidental appendectomy, because the patients who underwent incidental appendectomy would not need to be hospitalized for suspected appendicitis. We considered these potential problems when calculating the lifetime risk of appendicitis and appendectomy, and we adjusted the data accordingly using the life table. We calculated the lifetime risk of inpatients hospitalized for suspected appendicitis and those who received an appendectomy. We believe that the lifetime risk computed in this study more accurately reflects the preventive value of incidental appendectomy. A separate study on this matter is in progress and will be reported in future.
We analyzed longitudinal, population-based, and national registry data to explore the epidemiological features of appendicitis in South Korea. The strength of our study is that it was conducted for 3 years and included almost the entire population of South Korea as the study population. However, our study has several important limitations. First, the HIRA data set may include some misclassification or coding errors for the discharge diagnosis and the surgical procedure, as was the case for several prior studies using national data. 2, 3, 5, 7, 9 Because the health insurance system of South Korea does not acknowledge incidental appendectomy, incidental appendectomies performed together with other major procedures may have been miscoded as non-incidental appendectomy. In other words, a portion of the incidental appendectomies may have been reported as appendectomy for appendicitis, either intentionally or unintentionally, and a portion of asymptomatic patients with histopathologically confirmed appendicitis after incidental appendectomy may have been reported as having undergone appendectomy for appendicitis. Second, to calculate prevalence of appendectomy in our study, we assumed that the agespecific appendectomy rate had been stable over the past 85 years. Because previous studies show a secular decrease in appendicitis and appendectomy, our assumption could have resulted in significant underestimation of the prevalence of appendectomy. Consequently, the possibility of underestimation in the incidence of appendicitis and appendectomy is probable.
In conclusion, as compared to studies of Western populations, our study of the South Korean population revealed similar results regarding incidence: people aged 10 to 19 years had the highest incidence of appendicitis and appendectomy, incidence was higher in males, and perforation rate and seasonality were both comparable. However, the overall incidence of appendicitis and appendectomy was slightly higher among South Koreans. From 2005 through 2007, the incidence of appendicitis and appendectomy was constant. Overall, an estimated 15 incidental appendectomies are performed to prevent 1 inpatient with suspected appendicitis, and 26 incidental appendectomies are performed to prevent 1 appendectomy. Thus, incidental appendectomy may have greater preventive value in Koreans.
